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COMPARATIVE  INVESTIGATION  OF  VARIOD5 
METHODS  OF  ACTIVATED  SINTERING  OF 
REDUCED  IRON 

Porivnjalne  Doslidznennya  Riznikh  Metodir 
AktlTOTanogo  Splkannya  Vidnovlenogo  Zaliza 

In  several  varies  ,  (for  example,  /I-3/)  ver®  discussed  different  methods  of 
ectlrated  sintering,  which  a re  designed  to  intensify  sintering  by  the  way  of  chemical 
reactions  of  oxidation-reduction,  diaaaecciation  end  other,  or  with  the  help  of 
different  physical  methods,-  action  of  ultra-sound,  for  example....  It  is  time  to 
determine  thj  moat  effective  method  of  activation.  Tests  were  done  on  toroidal 
samples  from  reduced  powder  of  iron  of  the  mark  AP2HX.  The  following  process  of 
sintering  wore  tested:  I  -  Sintering  in  dry  hydrcgen(0 ,0222  of  H.-OJ;  II  -  sintering 
in  n»ist  hydrogen(2%  R-0)  •  III  -  humidity  of  hydrogen  10%;  IV  -  sintering  of  pre- 
oxidized  hriquettes  (1%  0n);  V  -  cyclic  sintering  (3  times  with  H.^0  stoam,  7  times 
with  K:)TI  -  sintering  in  aaatmoophere  of  Hj-f  iiC1 !  VII  -  sintering  vfcile  cov=rsd 
by  Al203+  0,1%  NH^Cl;  IX  -  Bintering  while  covered  by  Al20^^»  0,1%  NH^F 

Heating  and  cooling  (6 — 10  times)  was  realized  in  dry  hydrogen;  the  other  20 
expositions  in  sintering  were  conducted  under  conditions  II,  HI,  V,  VI,  VII  and  in 
atmosphere  of  dry  hydrogen.  The  temperature  and  duration  of  expositions  were  alike 
for  all  testa  —  2  hr a,  1200  £  10°  c. 

The  figure  shows  the  influence  of  specific  gravity  of  the  samples  which  were 
sintered  under  different  conditions  on  coercive  force  He,  cwriimim  magnetic  penetra¬ 
tion  magnetic  induction  in  the  field  of  15  e  (B1:j)  and  magnetic  residual  in¬ 

duction  Br»  Magnetic  properties  were  chosen  as  they  are  considered  to  be  the  twi 
moat  sensitive  to  the  fora  of  the  pores,  and  they  were  measured  at  the  standard 
belli  etie  inataliation/Ji/,  The  result#  of  measurements  of  the  ifeeded)  surface  of  ^ 
open  pors#  31  and  change  in  chemical  content  are  given  in  the  following  table. 
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CONDITIONS  OF  SINTERING 

« 

• 

$ 

O 

• 

O 

Mb.  °/Q 

Compressed  briquette 

0.20 

0.10 

0.32 

I*  Sintering  in  IL, 

0.15 

0.02 

0.3c 

II.  Ill  Sintering  in  moist  II2 

0.15 

0,01 

0.31 

TV.  Sintering  of  oxidiaed  samples 

0,12 

0  .02 

0.30 

V.  Cyclic  ainterir,g(3  times  H 2  0.  7 
times  H2) 

0.13  ^ 

0,01  v 

0,30 

VI.  Sintering  in  HC 1 

0.07 

0,01 

0.03 

711.  Sintering  of  oxidized  supples 
in  H2-ilICl 

o,o65 

0,01 

.0.03 

VIII.  Sintering  with  NH^Cl 

0.1C 

0,06 

0,16 

IX.  Sintering  with  NH^F 

0.13  U 

0.07  • 

0,30 

The  investigation  of  micrcatruetures  has  not  shown  a  noticeable  difference  in  the 
dimensions  of  the  graphs  of  samples,  which  were  sintered  at  the  different  conditions. 

As  it  was  shown  by  the  results  of  the  investigation,  the  longest  influence  on  the  values 
of  ,  and  He  has  been  at  conditions  VI  and  VII,  that  is  with  application  of  hydrogen  ^ 


1)  The  measurements  were  conducted  according  to  the  method  of  B.  V.  Doryagin/5/ •  Per¬ 
fected  by  us  for  experimentation  with  compressed  briquette  (dia  10  ran,  h  Z  5  Btt) , 

c 

which  were  sintered  under  conditions  I-LX  during  one  hour  at  120C  C.  The  number  of 
open  pores  has  been  about  25%» 
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Density  gr/Oh* 

Influence  of  densities  on  magnetic  properties  of  Bamples  -hich  were  sintered  e-. 
different  conditions  of  activated  sintering, 

— —  I -  condition  I,  sintering  in 

■■■  |  condition  IX,  sintering  in  moist  of  H2  0) 

f - +, -  CONDITION  III,  ainteiing  in ‘moist  H-dOf*  of  H„0) 

fk -  condition  IV,  sintering  of  oxidized  samples 

/  _  / 

!  - U  CONDITION  V,  dxtKxxxg  cyclic  sintering 

1  ; 

I  - - condition  VI,  aintering  in  H,  -f'  HC1 

I  i  *“ 

/  — -  £ -  condition  VII,  aintering  of  oxidized  samples  in  li^HCl 

X  ■  • 

- ;  -  condition  VIII,  aintering  with  Al.^^O.lX  NH^Cl 

- -  condition  IX,  aintering  with  jkl'O.^  0*1<  NH^F 


The  mechanism  of  HC1  is  an  intensification  of  processes  changing  form  of  the  surface 

/ 

/ 

graelty  and  refining  chenicel  content (eee  table).  The  presence  of  HC1  results  from  the 
formation  on  the  edges  of  the  pore  of\F«Cl2  which  ia  evaporated  end  reduced  by  hydrogen. 
The  atoms  of  Iron  so  formed  are  concentrated  in  places  of  the  minimum  content  of  free 
energy  (cavity .on  the  aurfece  particle®,  joints  of  particles)  and  hydrogen  chloride 


•gain  reacts  with  iron  on  the  action  joints  of  surfaces  and  etc*  By  this 
process  the  surface^grSiss  is  smothered ;  the  analogous  process  occurs  also  with 
admixture  of  NH^Cl  NH^F(for  the  last  case  the  iron  floride  is  fusing  at  1100°C) 
/l/.  The  surface  of  HC1  is  responsible  for  the  formation  of  manganese  chloride, 
which  evaporates  easily,  and  its  contents  in  samples  is  diminishing. 

This  large  spheriod  form  of  porea  reduces  the  distinguishing  influence  of 
oppositely  directed  poles,  which  are  forming  on  the  protusions  of  the  surface  pores* 
Admixtures  also  influence  magnetic  properties. As  far  as  during  sintering  under 
conditions  I  —  VTII  the  carbon' content ,  which  aai3t  greatly  influence  magnetic 

properties, /6/t  remains  almost  unchanged  (0,01 _  0,025),  then  the  improvement  of 

and  He  at  the  sintering  with  aiding  HC1  to  atmosphere  can  be  attributed  to  the 
influence  of  surfaces  pores,  because  mangnasese  aff Jets  and  He  in  considerably 
lower  degree  than  carbon.  So,  according  to  emperic  formulas  /£>/  0.275  of  to  changes 
He  or  about  0,1  erg,,  but  in  our  case,  we  have  a  much  greater  difference-O.3-O.6erg* 
In  the  treatise  /7/  the  theory  on  the  dependence  of  dielectric  »nd  magnetic 


penetration  on  the  density  with  accounting  for  the  form  of  pcresCrpherical ,  disc- 
ahpaed,  acicular)  has  been  developed;  our  resulta  clearly  support  its  conception, 

(1)  Sensitivity.  Sensitivity  of p.  and  He  to  the  form  of  pores  /6/  and  influence  of 
refining  has  also  been  noted  in  investigations  /8,  9/ • 

The  role  of  refining  (by  carbon^  is  evident  when  the  surfaces  sintered  at  conditions 

I  (feeding) 

V  and  DC  are  compared.  The  act ive/ surf ace  of  pores  was  C,13  m^/gr ,  but  high  content 
of  carbon  during  the  sintering  with  NH,  F  (the  note  on  the  container  explains  it  is 

I  — 

as  a  restricted  passage  tc  hydrogen)  is  responsible  for  low  values  of  magnetic 
characteristic** 


I)  In  monograph  (11)  we  tried  to  differentiate  the  influence  of  the  surface  porea 
conditions  on  the  change  of  pfcysic-meucbanical  properties  during  isothermic  sin¬ 
tering  of  iron.  The  result  had  been  considered  slightly  higher  due  to  incomplete 
accounting  of  density  influence  and  partial  refining, 

\ 

\  ■ 


H 
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According  emperic  formulas  /6/  0.06%  of  C  change  He  on  about  0.2  erg.  but  in 
our  ceae  the  difference  van  about  0,U  erg.  probably  due  to  additional  negative 
influences  of  iro*  florida  forcing  during  the  process. 

At  the  sintering  with  NH^Cl  the  high  content  of  aarbon  was  also  observed,  but 
small  active (feeding)  surfaces(and  particularly  the  smaller  content  of  manganese) 
probably  compensate  for  this  fact.  Sintering  with  NH^Cl  and  NH^F  can  be  recommended 
highly  for  the  construction  materials,  as  ths  small  admixtures  Influence  mechanical 
properties  considerably  lens  then  they  influence  magnetic  properties  and  effect  of 
smothering  of  pores  exprassee  in  full  scale  /l«3/*  Sintering  at  conditions  II  and 
V  less  than  at  conditions  VII  affect  the  intensification  of  changes  in  magnetic 
properties.  Th  results,  as  a  rule .correspond  to  certain  disintegration,  especially 
for  condition  V  in  internal  of  small  densities,  whies  can  be  explained  by  specific 
characters  of  oxidation  of  ygassars  porous  todies.  Moiatneaa  of  hydrogen  Contributes 
only  to  the  decrease  in  He.  Magnetic  and  residual  induction  depends  basically  on 
the  density  of  porous  bodies,  although  this  yam  process  is  somewhat  dependent  on 
certain  dispersion. 

The  admirturea  of  hydrogen  chloride  into  the  atmosphere  of  sintering  favorably 

affects  the  properties  of  metal lo-ceramics  bodies,  but^t^e  presence  of  HC1  dir>- 

-»■> 

iniahes  onticorosiva  properties  of  samples  and  requires  introduction  of  special 
measures  of  the  safety  technique.  Therefore,  the  further  investigation  is  necessary 
to  determine  an  aqpXXax  optimal  gxxxXt  quantity  of  HCl^  According  to  /10/  the 
admixture  of  haloid  acids  into  the  atmosphere  of  sintering  should  not  exceed  C.0001%, 
but  this  figure  evidently  would  be  revised.  In  our  case  the  quantity  of  HC1  has  not 
been  controlled,  but  decreases  in  weight  in  all  tests  and  was  constant.  (3%) 
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